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DESCRIPTION 
LITHOGRAPHY MASK BLANK 

5 Technical Field 

Tlie present invention relates to a lithography mask blank serving as a 
material of lithography masks such as photomasks, electron beam masks, or X- 
ray masks for use in producing semiconductor devices and the like and to the 
lithography mask and, in particular, relates to a halftone phase shift mask blank 
10 serving as a material of halftone phase shift masks being one example of 
photomasks and to the halftone phase shift mask. 



Background Art 

In the production of a semiconductor device, a transfer pattern is formed 
15 by, for example, irradiation of exposure light through a photomask (reticle). 

As such a photomask, a photomask comprising a transparent substrate 
and a light-shielding film pattern formed thereon has been conventionally used. 
As a material of the light-shielding film, a chromium-based material (chromium 
alone, a material containing chromium and nitrogen, oxygen, carbon, or the like, 
20 or a layered film composed of these material films) has been generally used. 

Further, in recent years, phase shift masks have been put to practical 
use in order to improve the resolution of transfer patterns. Various types 
(Levenson type, auxiliary pattern type, self-aligned type, etc.) of phase shift 
masks are known. Among them, a halftone phase shift mask suitable for high- 
25 resolution pattern transfer of holes and dots is known. 

In the halftone phase shift mask, a light-semitransmissive film pattern 
having a phase shift of about 180° is formed on a transparent substrate and the 
light-semitransmissive film is formed by a single layer or multilayers. For 



example, the publication of Japanese Patent No. 2966369 discloses a light- 
semitransmlssive film pattern which is formed by a thin film made of a substance 
containing metal such as molybdenum, silicon, and nitrogen as main 
components. 

5 The light-semitransmissive film made of such a material can control a 

predetermined phase shift amount and transmittance by a single layer and 
further is excellent in acid resistance, light resistance, and so on. 

As described above, as the film materials used in the photomasks, there 
have been developed not a few materials containing nitrogen for various 
10 reasons. 

On the other hand, when pattern transfer is performed using a 
photomask (reticle), high-energy laser light is irradiated onto the photomask. 
As a result, chemical reactions on the photomask surface are accelerated by the 
laser irradiation. Therefore, formation of some deposits are accelerated so that 

15 the deposits are produced and adhered on the photomask as foreign substances. 
Ammonium sulfate has been confirmed as one of such deposits. 

The photomask is genarally cleaned by the use of a sulfuric acid-based 
cleanser in the final process. It is considered that sulfuric acid or sulfuric acid 
ions derived from the sulfuric acid-based cleanser used in the cleaning process 

20 often remain on the photomask after the cleaning. Therefore, it is considered 
that reactions between the sulfuric acid ions and ammonium ions produced for 
some reason are accelerated by the laser irradiation so as to cause the 
production of the deposits. 

Particularly, following finer formation of LSI patterns in recent years, the 

25 wavelength of exposure light sources (exposure light wavelength) has been 
changing toward a shorter wavelength, i.e. from a current KrF excimer laser 
(248nm) to an ArF excimer laser (193nm). Under these circumstances, in case 
where, a short-wavelength exposure light source such as the ArF excimer laser 



is used, the laser output becomes further higher. As a result, the formation of 
the deposits problematically tends to be readily accelerated so that the 
production of the foreign substances becomes more outstanding. 

It is considered that a generation source of the ammonium ions is a 
5 substance or an adhering substance existing in the atmosphere or derived from 
a pellicle. However, as a result of researching thin films using materials 
containing nitrogen which are used in photomasks as described above, it has 
been found that more ammonium ions (NH/) exist on the surfaces of the thin 
films containing nitrogen than on the surfaces of thin films containing no nitrogen. 

10 Therefore, it is considered that the nitrogen-containing thin film may contribute to 
the deposition of ammonium sulfate that can be a particle defect. 

The present invention has been made in terms of the foregoing prior art 
problems and has an object to provide a lithography mask which is capable of 
reducing the production of ammonium ions caused by a component of a thin film, 

15 and a lithography mask blank which is capable of producing such a lithography 
mask. 

Another object of the present invention is to provide a halftone phase 
shift mask which is capable of reducing the production of ammonium ions 
caused by a component of a thin film, and a halftone phase shift mask blank 
20 which is capable of producing such a halftone phase shift mask. 

Disclosure of the Invention 

The present invention has the following aspects. 
(First Aspect) 

25 A lithography mask blank used as a material for manufacturing a 

lithography mask and comprising at least one layer in the form of a thin film 
having a required function and formed on a substrate, comprises, at least, a 
nitrogen-containing thin film as the foregoing thin film, and an ammonium ion 



production preventing layer for preventing production of ammonium ions, which 
is formed on the nitrogen-containing thin film or at least at a surface portion of 
the nitrogen-containing thin film and which is exposed on the surface of the 
lithography mask after the lithography mask is manufactured. 
5 (Second Aspect ) 

In the lithography mask blank of the first aspect, the ammonium ion 
production preventing layer is a thin film containing less nitrogen than the 
nitrogen-containing thin film. 

(Third Aspect) 

10 In the lithography mask blank of the first aspect, the ammonium ion 

production preventing layer is formed by a heat treatment of the nitrogen- 
containing thin film. 

(Fourth Aspect) 

A photomask is manufactured using the photomask blank according to 
15 any of the first to third aspects. 
(Fifth Aspect) 

A halftone phase shift mask blank used as a material for manufacturing a 
halftone phase shift mask and comprising at least a light-semitransmissive film 
composed of one layer or multilayers, having a required transmittance and 

20 phase shift amount, and formed on a substrate, comprises, at least, a nitrogen- 
containing thin film as a thin film forming the light-semitransmissive film, and an 
ammonium ion production preventing layer for preventing production of 
ammonium ions, which is formed on the nitrogen-containing thin film or at least 
at a surface portion of the nitrogen-containing thin film and which is exposed on 

25 the surface of the mask after the mask is manufactured. 
(Sixth Aspect) 

In the halftone phase shift mask blank of the fifth aspect, the ammonium 
ion production preventing layer is a thin film containing less nitrogen than the 



5 

nitrogen-containing thin film. 
(Seventh Aspect) 

In the halftone phase shift mask blank of the fifth aspect, the nitrogen- 
containing thin film contains at least silicon and nitrogen and the ammonium ion 
5 production preventing layer contains at least silicon and oxygen. 
(Eighth Aspect) 

In the halftone phase shift mask blank of the fifth aspect, the ammonium 
ion production preventing layer is formed by a heat treatment of the nitrogen- 
containing thin film. 
10 (Ninth Aspect) 

A halftone phase shift mask is manufactured using the halftone phase 
shift mask blank according to any of the fifth to eighth aspects. 



Brief Description of the Drawings 
15 Fig. 1 is a sectional view for describing a halftone phase shift mask blank 

according to Example 1 of the present invention; 

Fig. 2 is a sectional view for describing methods of manufacturing 
halftone phase shift mask blanks according to Examples 3 and 4 of the present 
invention; 

20 Fig. 3 is a diagram showing a relationship between the 

presence/absence of an ammonium production preventing layer and an 
ammonium ion concentration on the film surface in Example 1; 

Fig. 4 is a diagram showing a relationship between a heat treatment time 
and an ammonium ion concentration on the film surface in Example 3; and 

25 Fig. 5 is a diagram showing a relationship between a heat treatment time 

and an ammonium ion concentration on the film surface in Example 4. 



Best Mode for Carrying Out the Invention 

Hereinbelow, the present invention will be described in detail. 

Based on the fact that, in a lithography mask blank such as a photomask 
blank, ammonium ions are extracted on a nitrogen-containing thin film whose 
5 surface is exposed outside after a mask Is manufactured, the present inventors 
have estimated that the production of ammonium ions is caused by nitrogen in 
the film. Since it has been confirmed that even the nitrogen-containing thin film 
hardly contains ammonium ions therein, it is considered that the nitrogen 
component in the thin film causes some change in quality at the surface of the 
10 film to produce the ammonium ions. 

In the present invention, an ammonium ion production preventing layer 
for preventing the production of ammonium ions Is formed on a nitrogen- 
containing thin film or at least at a surface portion of a nitrogen-containing thin 
film to thereby prevent the production of ammonium ions on the film surface 
15 considered to be caused by nitrogen in the film. In this manner, the production 
of ammonium ions considered to be caused by nitrogen in the film is reduced in 
the layer whose surface is exposed outside after a mask is manufactured. 

As a result, the ammonium ion concentration on the film surface is 
reduced so that even if sulfuric acid, sulfuric acid ions, or the like remains in 
20 sulfuric acid cleaning of a mask blank thereafter, in sulfuric acid cleaning of a 
photomask manufactured using a mask blank thereafter, It is possible to 
suppress the production of foreign substances such as ammonium sulfate 
caused by ammonium ions due to laser irradiation during exposure. 

In the present invention, the surface after treated for preventing the 
25 production of foreign substances caused by ammonium ions from ammonium 
sulfate or the like has the ammonium ion (NH4"^) concentration reduced as 
compared with that before the treatment, when the ammonium ion (NH4'*') 
concentration is measured by an ion chromatography method using pure water 
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extraction or the like. For example, the treatment is performed so that the NH4'*" 
concentration measured by the ion chromatography method becomes 20ng/cm^ 
or less, preferably 10ng/cm^ or less, and more preferably 5ng/cm^ or less. 

In the present invention, the formation of the ammonium ion production 
5 preventing layer is carried out so as not to impair the primary function of the thin 
film. Alternatively, it is adjusted to have the primary function when the 
ammonium ion production preventing layer is formed. 

In the present invention, the formation of the ammonium ion production 
preventing layer can be carried out when or after a mask blank is manufactured 
10 or when or after a mask is manufactured. 

The following two methods are typically considered as ammonium ion 
production preventing layer forming methods. 

(1) To provide a layer, on the outermost surface, containing a small 
quantity of substance that causes the production of ammonium ions. 
15 (2) To form at least the outermost surface as a layer that hardly elutes 

a substance causing the production of ammonium ions or a layer that 
suppresses the production of ammonium ions, even if such a substance exists. 

With respect to the method (1), there is, specifically, a method of forming 
a thin film (ammonium ion production preventing layer) containing less nitrogen 
20 than the nitrogen-containing thin film. Such an ammonium ion production 

preventing layer is additionaly formed on the nitrogen-containing thin film. By 
covering the nitrogen-containing thin film with the thin film containing less 
nitrogen than the nitrogen-containing thin film, the presence of nitrogen on the 
surface, which is exposed outside after the mask is formed, becomes less. 
25 This makes it possible to prevent the production of ammonium ions on the thin 
film surface due to nitrogen in the thin film. It is noted here that the thin film 
containing less nitrogen includes a thin film containing substantially no nitrogen. 



With respect to the method (2), there is specifically cited, for example, a 
heat treatment of the nitrogen-containing thin film. By carrying out the heat 
treatment in the atmosphere, an atmosphere containing oxygen in the form of O2, 
CO2, or the like, an atmosphere of Inert gas such as nitrogen or Ar, a vacuum, or 
5 the like, the nitrogen-containing thin film of the mask blank and its surface layer 
portion are subjected to thermal perturbation. 

This accelerates rearrangement of the film structure so that, for example, 
dangling bonds of silicon and nitrogen being thin film forming elements are 
efficiently combined at the film surface layer portion, thereby changing to a 
10 stable state. 

On the other hand, depending on the atmosphere where the heat 
treatment is performed, an extremely thin dense oxide film, for example, is 
formed through reactions between the film surface likewise subjected to the 
thermal perturbation and the atmosphere, thereby also satisfying the foregoing 
15 method (1). 

That is, by the proper application of thermal energy, the photomask 
surface is changed in quality to a chemically more stable state. This makes it 
possible to suppress the production of ammonium ions on the thin film surface. 

In order to achieve such a preferable action, the heat treatment 
20 temperature is preferably 180°C or higher, and more preferably 250°C or higher. 

Although depending on a treatment temperature and a treatment 
atmosphere, the heat treatment time is 5 minutes or more at minimum, and 
preferably 1 0 minutes or more in consideration of uniformly applying the thermal 
perturbation to the photomask blank and stably controlling the change in quality 
25 inside the thin film. 

When the heat treatment temperature exceeds 400°C, in an active 
atmosphere containing oxygen, for example, reaction with the thin film surface 
may drastically proceed to impair the function of the thin film, which thus should 



be taken into account. 

In the case of the heat treatment at high temperatures, it is preferable 
that the heat treatment be carried out in an atmosphere containing no oxygen or 
where the oxygen concentration is fully controlled. 
5 As a method other than the foregoing heat treatment, such a method 

may also be considered wherein a substance for suppressing the production of 
ammonium ions due to nitrogen coexists with nitrogen in the film. Oxygen, for 
example, is cited as such a substance that suppresses the production of 
ammonium ions, while, as a method of forming such an ammonium ion 
10 production preventing layer, there is a method of implanting oxygen ions or the 
like into the surface of the nitrogen-containing thin film or a method of performing 
a surface treatment such as a surface oxidation treatment using heat, plasma, or 
the like. 

In the present invention, foreign substances caused by ammonium ions 
15 comprises ammonium sulfate, ammonium salt containing ammonium sulfate as 
a main component, other ammonium salts, and so on. 

In the present invention, as a thin film having a required function in a 
photomask blank, use is made of , for example, a light-shielding film, a reflection 
preventing film, a light-semitransmissive film for a halftone phase shift mask, or 
20 the like. Such a thin film often corresponds to a thin film whose surface is 
exposed outside after a photomask is manufactured. 

A halftone phase shift mask blank in the present invention comprises, at 
least, a nitrogen-containing thin film as a thin film forming a light- 
semitransmissive film, and an ammonium ion production preventing layer for 
25 preventing the production of ammonium ions, which is formed on the nitrogen- 
containing thin film or at least at a surface portion of the nitrogen-containing thin 
film and whose surface is exposed outside after the mask is manufactured. 
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When the nitrogen-containing thin film is the light-semitransmissive film, 
having a required transmittance and phase shift amount, of the halftone phase 
shift mask blank as described above, the nitrogen-containing thin film represents 
a light-semitransmissive film of a single-layer structure composed of the 
5 nitrogen-containing thin film or a nitrogen-containing thin film, of a light- 

semitransmissive film of a multilayer structure, formed just under the ammonium 
ion production preventing layer. 

Herein, as a material of the light-semitransmissive film of the single-layer 
structure, use is made of, for example, a material containing silicon and nitrogen, 

10 a material containing metal, silicon, and nitrogen, or a material containing, in 
addition thereto, at least one selected from oxygen, fluorine, carbon, and 
hydrogen. As the metal, use is made of at least one selected from molybdenum, 
tantalum, tungsten, chromium, titanium, nickel, palladium, hafnium, zirconium. 

Such a material film can be formed by implementing reactive sputtering 

15 in an atmosphere of reactive gas such as nitrogen by the use of a target made of 
silicon, or metal and silicon, while it can also be formed using a target containing 
nitrogen and so on. 

As the light-semitransmissive film of the multilayer structure, use is 
made of a film in which the material films each forming the light- 

20 semitransmissive film of the single-layer structure are stacked in two or more 
layers or a film comprising a transmittance adjusting layer such as a metal film 
containing at least one selected from chromium, tantalum, hafnium, magnesium, 
aluminum, titanium, vanadium, yttrium, zirconium, niobium, molybdenum, tin, 
lanthanum, tungsten, silicon and the foregoing single-layer material (halftone 

25 film) which are stacked in layers. In order to achieve an effect as a halftone 
phase shift film, the light-semitransmissive film has a phase difference set to 
about 180^ and a transmittance is set to a value selected from a range of 3 to 
40%. 
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Particularly, when the ammonium ion production preventing layer is 
formed on the material layer containing metal, silicon, and nitrogen or the 
material layer containing, in addition thereto, at least one selected from oxygen, 
fluorine, carbon, and hydrogen, use can be made of, as a material of the 
5 ammonium ion production preventing layer, a material containing silicon and 
oxygen or a material containing, in addition thereto, one kind selected from metal, 
nitrogen (less amount of nitrogen as compared with the nitrogen-containing 
layer), and carbon. 

Hereinbelow, the present invention will be described in further detail 
10 using examples. 

(Example 1) 

Three halftone phase shift mask blanks were prepared in each of which 
a light-semitransmissive film 2 (film thickness: about 935 angstroms) of nitrided 
molybdenum and silicon (MoSiN) was formed on a transparent substrate 1 by 

15 reactive sputtering (DC sputtering) in a mixed gas atmosphere of argon (Ar) and 
nitrogen (N2) (Ar : = 10% : 90%, pressure: 0.2Pa) using a mixture target of 
molybdenum (Mo) and silicon (Si) (Mo : Si = 20 : 80mol%) (see (1) in Fig. 1). 
Each halftone phase shift mask blank had a transmittance of 5.5% and a phase 
shift of about 180° with respect to a KrF excimer laser (wavelength: 248nm). 

20 On the light-semitransmissive films 2 of the two phase shift blanks, 

ammonium ion production preventing layers 3 (thickness: about 30 angstroms 
and 100 angstroms, respectively) each in the form of a thin film of oxidized 
molybdenum and silicon (MoSiO) were formed by reactive sputtering (DC 
sputtering) in a mixed gas atmosphere of argon (Ar) and oxygen (O2) (Ar : O2 = 

25 60% : 40%, pressure: 0.2Pa) using the same target as described above, 

respectively, thereby manufacturing halftone phase shift mask blanks (see (2) in 
Fig. 1). 



12 



Each of these halftone phase shift mask blanks may have a light- 
semitransmissive film in the form of a MoSiN film + a MoSiO film. 

Fig. 3 shows the results of measuring, by the ion chromatography 
method, ammonium ion concentrations on the film surfaces in the sample not 
5 applied with the processing for preventing the production of foreign substances 
such as ammonium sulfate caused by ammonium ions (indicated as "None" in 
the figure) and the samples applied with the processing for preventing the 
production of foreign substances such as ammonium sulfate caused by 
ammonium ions (indicated in terms of film thickness in the figure). As clear 
10 from this figure, it is understood that ammonium ions on the film surface are 
remarkably reduced with respect to the samples applied with the ammonium 
sulfate production preventing process. 

Then, after forming a chromium-based light-shielding film on the thin film 
in the form of the MoSiO film, a resist film was formed and a resist pattern was 
15 formed by pattern exposure and development. Then, the MoSiO film and the 
MoSiN film were etched by dry etching using CF4 + O2 gas and, after removing 
the resist, each sample was cleaned with 98% sulfuric acid (H2SO4) at 100°C 
and rinsed with pure water. Thus, phase shift masks were obtained. 

With respect to each of these phase shift masks, since the sample 
20 applied with the processing for preventing the production of foreign substances 
such as ammonium sulfate caused by ammonium ions has less ammonium ions 
on the film surface, it is possible to reduce the production of foreign substance 
defect caused by ammonium sulfate when pattern transfer is performed by laser 
irradiation using a KrF excimer laser or the like. 
25 (Example 2) 

Three halftone phase shift mask blanks were prepared in each of which 
a light-semitransmissive film 2 (film thickness: about 800 angstroms) of nitrided 
molybdenum and silicon (MoSiN) was formed on a transparent substrate 1 by 



reactive sputtering (DC sputtering) in a mixed gas atmosphere of argon (Ar) and 
nitrogen (N2) (Ar : N2 = 10% : 90%, pressure: 0.2Pa) using a mixture target of 
molybdenum (Mo) and silicon (Si) (Mo : Si = 8 : 92mol%) (see (1) in Fig. 1). 
Each halftone phase shift mask blank had a transmittance of 5.5% and a phase 
5 shift of about 1 80° with respect to an ArF excimer laser (wavelength: 1 93nm). 

Two halftone phase shift mask blanks were prepared in each of which 
the light-semitransmissive film 2 (film thickness: about 800 angstroms) of 
nitrided molybdenum and silicon (MoSIN) was formed on the transparent 
substrate 1 that was the same as that in Example 1 . 

10 On the light-semitransmissive films 2 of the phase shift blanks, 

ammonium ion production preventing layers 3 (thickness: about 30 angstroms 
and about 100 angstroms, respectively) each in the form of a thin film of SiON 
were formed by reactive sputtering (DC sputtering) in a mixed gas atmosphere 
of argon (Ar), nitrogen (N2), and oxygen (O2) (Ar : N2 : O2 = 20% : 60% : 20%, 

15 pressure: 0.1 Pa) using a silicon target, respectively. Thus, halftone phase shift 
mask blanks were produced. It is noted here that the composition of the MoSiN 
layer is Mo : Si : N = 5 : 45 : 50at%, while the composition of the SiON layer is 
Si : O : N = 42 : 43 : 15at%. Therefore, the content of nitrogen is smaller in "the 
ammonium ion production preventing layer " than in "the nitrogen-containing 

20 layer". 

Each of these halftone phase shift mask blanks may have a light- 
semitransmissive film in the form of a MoSiN film + a SiON film. 

As a result of measuring ammonium ion concentrations on the film 
surfaces in these halftone phase shift mask blanks by the ion chromatography 
25 method, it was 3.5ng/cm^ with respect to the sample with the film thickness of 30 
angstroms while it was 2.8ng/cm^ with respect to the sample with the film 
thickness of 1 00 angstroms. 



Then, after forming a chromium-based light-shielding film on the thin film 
in the form of the SiON film, a resist film was formed and a resist pattern was 
formed by pattern exposure and development. Subsequently, the SiON film 
and the MoSiN film were etched by dry etching using CF4 + O2 gas and, after 
5 removing the resist, each sample was cleaned with 98% sulfuric acid (H2SO4) at 
100°C and rinsed with pure water. Thus, phase shift masks were obtained. 

With respect to each of these phase shift masks, since the sample 
applied with the processing for preventing the production of foreign substances 
such as ammonium sulfate caused by ammonium ions has less ammonium ions 
10 on the film surface, it is possible to reduce the production of foreign substance 
defect caused by ammonium sulfate when pattern transfer is performed by laser 
irradiation using a ArF excimer laser or the like. 

In the present invention, in order to remarkably reduce ammonium ions 
on the film surface, the thickness of the ammonium production preventing layer 
15 is preferably 10 angstroms or more, and more preferably 30 angstroms or more. 

(Example 3) 

Like in Example 1, a light-semitransmissive film (film thickness: about 
935 angstroms) 2 of nitrided molybdenum and silicon (MoSiN) was formed on a 
transparent substrate 1 (see (1) in Fig. 2). 

20 Then, a heat treatment 4 was carried out at 280°C in the atmosphere 

(see (2) in Fig. 2), Fig. 4 shows the result of measuring, by the ion 
chromatography method, a relationship between a heat treatment time and an 
ammonium ion concentration on the film surface. 

As clear from Fig. 4, it has been found that ammonium ions are reduced . 

25 by the heat treatment and, particularly when the heat treatment time exceeds 1 5 
minutes or so, the ammonium ions are remarkably reduced. This is because it 
is considered that, in this example, thermal perturbation applied to the mask 
blank is uniformly and effectively exerted over the whole surface of the thin film 



after the lapse of about 1 5 minutes from the start of the heat treatment. 

Next, the mask processing like in Example 1 was carried out to thereby 
obtain a phase shift mask. 

With respect to this phase shift mask, since the sample applied with the 
5 ammonium sulfate production preventing process had less ammonium ions on 
the film surface, it was possible to reduce the production of foreign substance 
defect caused by ammonium sulfate when pattern transfer was performed by 
laser irradiation using a KrF excimer laser or the like. 

(Example 4) 

10 Like in Example 1, a light-semitransmissive film (film thickness: about 

935 angstroms) 2 of nitrided molybdenum and silicon (MoSiN) was formed on a 
transparent substrate 1 (see (1) in Fig. 2). 

Then, a heat treatment 4 was carried out at 400°C in a nitrogen 
atmosphere (see (2) in Fig. 2). Fig. 5 shows the result of measuring a heat 

15 treatment time and an ammonium ion concentration on the film surface by the 
ion chromatography method. 

As clear from Fig. 5, it has been found that ammonium ions are reduced 
by the heat treatment and, particularly when the heat treatment time exceeds 20 
minutes or so, the ammonium ions are remarkably reduced. This is because it 

20 is considered that, in this example, thermal perturbation applied to the 

photomask blank is uniformly and effectively exerted over the whole surface of 
the thin film after the lapse of about 20 minutes from the start of the heat 
treatment. 

Then, the mask processing like in Example 1 was carried out to thereby 
25 obtain a phase shift mask. 

With respect to this phase shift mask, since the sample applied with the 
ammonium sulfate production preventing process had less ammonium ions on 
the film surface, it was possible to reduce the production of foreign substance 
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defect caused by ammonium sulfate when pattern transfer was performed by 
laser irradiation using a KrF excimer laser or the like. 

Industrial Applicability 
5 According to the present invention, a thin film whose surface is exposed 

outside after a photomask is manufactured is a thin film containing at least 
nitrogen, and the surface of the nitrogen-containing thin film is applied with the 
processing for preventing the production of foreign substances such as 
ammonium sulfate caused by ammonium ions. As a consequence, it is possible 
10 to obtain a photomask blank enabling the production of a photomask that does 
not deposit ammonium sulfate upon laser irradiation. 



